Background: Subtle effects of vitamin D deficiency on behavior have been suggested. We investigated the association of vitamin D status with mental health and violence behaviors in a sample of Iranian adolescents. Methods: This nationwide study was conducted in 2009-2010 in 1095 Iranian school students with mean age 14.7 ± 2.6 years. Items were adapted from the Global School-based Student Health Survey (GSHS). Psychiatric distress was considered as the self-reported anger, anxiety, poor quality sleep, confusion, sadness/depression, worry, and violence-related behaviors (physical fight, having bully, or getting bullied).
Introduction
Mental disorders are one of the most common health problems worldwide. About half of all mental disorders begin before the age of 14 [1] . The World Health Organization (WHO) predicts that by the year 2020, childhood neuropsychiatric disorders will rise to become one of the five most common causes of mortality, morbidity, and disability among children [2] .
Studies in various countries including Egypt, Nigeria, India, Indonesia, Thailand, and Sri Lanka [3] have shown that rates of child and adolescent mental disorders are comparable to rates reported in developed countries [4] . Iran, as a developing country, is undergoing significant social, cultural, and economic changes, which affect its populations' mental health status.
Few studies have been conducted to evaluate mental health status in children and adolescents in Iran. Two surveys with similar methodology in Tehran have shown the prevalence of overall psychological disorders to be 17.9 % in 7-12-year old children [5] and 14.2 % in 12-17 year-old adolescents [6] . A systematic review of studies conducted among high school students in Iran showed that the prevalence rates of mental disorders were reported in a wide range from 4.34 % to 16.6 % in studies using diagnostic instruments to 34.4 % in studies using screening instruments [7] .
Vitamin D is a hormone with key functions more than calcium homeostasis and maintaining bone health. Vitamin D receptors are present in a wide variety of cells, including neurons and glial cells. Genes encoding the enzymes involved in the metabolism of vitamin D are also expressed in the brain [8] . Vitamin D promotes neurogenesis and regulates the synthesis of neurotrophic factors, which support differentiation of neurons and survival [9, 10] .
Most epidemiological evidence supports a link between vitamin D deficiency and mental disorders in adults. A recent British study showed that low levels of vitamin D 3 are associated with increased risk of common mental disorders in mid-adulthood [11] . Low serum 25-hydroxyvitamin D [25(OH)D] has been also associated with increased odds of cognitive impairment [12] [13] [14] and depressive symptoms in adults [15] [16] [17] , but some inconsistencies exist between different studies [18] [19] [20] [21] .
The purpose of this study was to investigate the association of vitamin D deficiency with psychiatric distress and violence behaviors in a nationally representative sample of Iranian children and adolescents.
Materials and methods
The data used in this study were obtained as part of the third national survey of school student high risk behaviors (2009) (2010) in Iran entitled "Childhood and Adolescence Surveillance and PreventIon of Adult Noncommunicable Disease" (CASPIAN) study.
Details on the survey design and methods have been explained previously [22] . In brief, 5570 school students aged 10-18 years, living in urban and rural areas in 27 provinces of Iran were selected via multistage-random cluster sampling method. Eligible schools in this survey were stratified according to the information bank of the Ministry of Health and Medical Education and then, they were selected randomly. In selected schools, the students were selected via random sampling method. Ethical committees and relevant national organizations approved the study. Oral assent was obtained from students, and written informed consent from their parents. A team of trained health care professionals checked the performance of the personnel, monitored and calibrated equipment according to standard protocols.
As described before, the current study was performed in a sub-sample randomly selected among participants in the main study. It was approved by the Research Ethics Committee of Isfahan University of Medical Sciences, Isfahan, Iran. The sample size of the current study was calculated by assuming an alpha error of 5 % and a power of 80 % and design effect of 1.25, while adding 25 % to the estimated sample size. The final sample size was calculated as 1000, and for possible missing data, we increased it by 10 % and studied 1100 samples [23] .
Clinical and laboratory measurements
Weight was measured on calibrated scales to the nearest 0.1 kg while subjects wearing light clothing, and height were measured without shoes to the nearest 0.1 cm. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m 2 ). Waist circumference was measured using a non-elastic tape at a point midway between the lower border of the rib cage and the iliac crest at the end of normal expiration to the nearest 0.1 cm.
Blood samples were collected in the morning after 10-12 h overnight fasting. Serum concentration of 25(OH)D was analyzed quantitatively by direct competitive immunoassay chemiluminescene method using LIASON® 25 OH vitamin D assay TOTAL (DiaSorin, Inc.), with a coefficient of variation (CV) of 9.8 %. Serum 25(OH)D level of less than 10 ng/mL was considered as vitamin D deficiency and levels between 10-30 ng/mL as vitamin D insufficiency [24] .
Demographic information was completed by obtaining data for all officially enrolled students in the sampled classes from the school record. Demographic and anthropometric information was collected based on the Persian version of main questionnaire of the World Health Organization-Global School-based student Health Survey (WHO-GSHS).
Parental level of education, possessing a family private car and type of home, physical activity, sedentary lifestyle, birth weight, breast feeding duration, type of milk and type of complementary feeding in childhood were assessed through two sets of questionnaires for students and parents which were filled in under the supervision of the trained health professionals.
Having personal home, personal car, and personal computer was used as some components of socioeconomic status. Breastfeeding duration was defined as the whole month that participants were breast fed (exclusively or in combination with other foods). Complementary feeding was asked as home-made foods or commercial baby food. Sedentary behavior was assessed by watching TV and working computer.
Psychiatric distress and violence variables
In this study, we used part of Global School-based Student Health Survey (GSHS) questionnaire from WHO for information regarding psychiatric distress and violence behaviors. The validity of questionnaire has been evaluated in 120 urban and rural students in one of the regions around Tehran (the Cronbach's reliability coefficient >0.7) [25] .
Psychiatric distress included one of the angriness, anxiety, insomnia, confusion, sadness/depression, and worry, which were reported on a Likert scale questionnaire by students. In addition, some questions about violence and students' perceived general health status were asked. All factors were categorized as binary variables. The questions, codes and categorization have been shown in Appendix 1.
Statistical analysis
Findings on continuous variables are presented as means (SD)/median (interquartile range), and categorical data as percentages. Association between qualitative variables was assessed by using Pearson Chi-square test. The normality of continuous variables was assessed by Kolmogorov-Smirnov test, and due to lack of normality of serum concentrations of 25(OH)D, the Mann-Whitney U test was used to compare the median values of serum25(OH)D across psychiatric distress categories.
Logistic regression analysis was applied to determine the association of 25(OH) D status (as continuous and categorical variable) with psychiatric distress in three models: Model I, crude model (without adjustment); Model II, adjustment for age, sex, and living area; and Model III, additionally adjustment for other potential confounders, including sleeping hours, socio-economic status, physical activity, breast feeding, type of complementary feeding, BMI, and type of milk used in infancy. The results of logistic regression are shown as odds ratios (OR) and 95 % confidence interval (CI). Data were analyzed by SPSS statistical software (version 16.0; SPSS Inc., Chicago, IL, USA); the significance level was set at P < 0.05.
Results
Among the 1095 children and adolescents included in the analysis (mean age 14.7 ± 2.6 years; mean BMI 19.3 ± 4.2 kg/m 2 ), the median serum 25(OH)D was 13.0 ng/mL(interquartile range 6.8-27.4 ng/mL). A total of 40 % were vitamin D deficient and 39 % were vitamin D insufficient.
Baseline characteristics of subjects according to vitamin D status (normal, deficient or insufficient) and by sex are shown in Table 1 . Participants with different status of vitamin D were comparable in case of anthropometric measurements, duration of breast-feeding, type of milk used in infancy, birth weight, physical activity or sedentary behavior, and socio-economic status. The only significant difference was documented for the type of complementary feeding in childhood among normal, vitamin D deficient and vitamin D insufficient girls (Ptrend = 0.022) ( Table 1) . Table 2 represents the prevalence of psychosocial disorders according to the vitamin D status (normal, deficient or insufficient) in boys and girls. The prevalence of self-reported angriness, anxiety, poor quality sleep, sadness/depression, and worry was significantly lower in vitamin D sufficient subjects compared with their other counterparts (P <0.05). Table 3 shows that median levels of serum 25(OH) D were not significantly different in boys who experienced angriness during the prior 6 months compared with other boys (P > 0.05). However, median levels of vitamin D was significantly lower in boys who reported to have poor quality sleep, sadness/depression, or worry compared with those who did not (P < 0.05). In girls, the serum levels of 25(OH)D was lower in those who reported angriness or anxiety during the previous 6 months, or sadness/depression or worry during the previous 12 months compared with those who did not report them (P < 0.05). In total, participants who reported angriness, anxiety, poor quality sleep, sadness/depression, or worry, had lower levels of serum 25(OH)D than those who did not report such disorders (P < 0.05). These differences in serum 25 (OH) D levels were highly significant in reporting worry (10.1 ng/mL [interquartile range: 4.2 -19.7] in individuals who reported worry, compared with 15.0 ng/mL [interquartile range: 7.7 -29.2] in those without worry) (P < 0.001). Table 4 presents the association parameters (OR and 95 % CI) of vitamin D status with psychiatric distress and violence from logistic regression models. In model I, the odds of angriness increased 1.56 times in vitamin D insufficient individuals compared with their other counterparts. In vitamin D deficient subjects, the odds ratio was 1.80 times higher than vitamin D sufficient students (P-trend = 0.026). By the inclusion of sex, age, and living area in model II, and also by additional adjustment for sleeping hours, socio-economic status, physical activity, breast feeding, type of milk used in infancy, complementary feeding and BMI in model III, the associations were approximately the same as the crude model (P-trend = 0.020 and 0.015; respectively).
Children and adolescents with vitamin D insufficiency and vitamin D deficiency were 1.61 and 1.81 times more likely to report anxiety disorders compared with their other counterparts in model I (P-trend = 0.013). These association were stronger in model II (P = 0.009), but the same as the crude model in model III (P-trend = 0.015). Similar associations were observed in reporting anxiety, poor quality sleep, and worry, for which subjects with vitamin D insufficiency and vitamin D deficiency were approximately 1.5 to 1.8 times more likely to report such -It means using home-made foods, but sometimes using commercial baby foods c -It means using commercial baby foods, but sometimes using home-made foods Table 4) . According to the logistic regression methods, for every 1 ng/mL increase of serum 25(OH)D levels, the odds of angriness and anxiety decreased by 1-2 % (P < 0.001), and the likelihood of poor quality sleep, sadness/depression, and worry had the same results (P < 0.05) ( Table 5) .
Discussion
This nationwide study, which to the best of our knowledge is the first of its kind in the pediatric age group, investigated the psychiatric distress, violence, and general health in relation to vitamin D status in a nationally -representative sample of Iranian children and adolescents. The study found significant associations between vitamin D deficiency and self-reported psychiatric distress as angriness, anxiety, poor quality sleep, sadness/depression, and worry. However, no significant association existed between vitamin D status and violence behaviors.
Anxiety, depression, mood disorders, and behavioral and cognitive disorders are among the most prevalent mental health problems of children and adolescents [26] . Different methods and tools could be used for screening and diagnosis of psychiatric distress. In this study, the questionnaire of GSHS was used to assess the selfreported mental health status, violence issues, and general health of students. The purpose of the GSHS is to help countries measure and assess behavioral risk factors and protective factors in 10 key areas that contribute to morbidity and mortality among children and adults.
The current study revealed significant associations between vitamin D deficiency and self-reported psychiatric distress such as angriness, anxiety, poor quality sleep, sadness/depression, and worry. To our knowledge, there is no similar study in this age group to compare our results. However, most studies in adults have documented that better vitamin D status is associated with better cognitive function and mental health [12, [27] [28] [29] [30] [31] [32] , but not in others [18] [19] [20] [21] . One study found an inverse association between dietary vitamin D and depression [33] , and a number of clinical trials have shown positive effects of vitamin D on mood and depression [31] , but no [18] . It is very difficult to find whether the differences between these studies are due to physiological differences or resulting from methodological aspects as study population, method of assessing psychiatric distress, timing of the blood collection, method of vitamin D assessment, and covariates considered in regression models.
The current study could adjust the associations for a range of variables including physical activity-related variables, sleeping duration, socio-economic status, breast feeding, type of milk used in infancy, type of complementary feeding, BMI, and waist circumference. In the only prospective study, which examined the association of 25(OH)D 3 with depressive symptoms in children, the association only emerged with symptoms measured 3 years after exposure assessment, and was not present when symptoms were assessed just 1 year after exposure assessment. The causality was not confirmed, and the association was partly explained by factors other than 25(OH)D 3 (such as outdoor physical activity) but that were associated with it and accumulated over time [35] .
The mechanism through which vitamin D plays a role in mental health is not fully understood. Vitamin D is a neuro-steroid hormone which regulates the metabolism of neurotransmitters in the central nervous system [36, 37] . The function of monoamine neurotransmitters such as serotonin and norepinephrine have been known on pathophysiology of depression and mood disorders [38] . In addition, serotonin regulates stress, anger, depression, aggression, appetite, and behavior. As a result, the association between vitamin D and psychiatric distress might be mediated by serotonin levels. Some other mechanisms have been also proposed for the potentially influence of vitamin D on brain function. Vitamin D receptors (VDRs), 25(OH)D 1-α-hydroxylase, and the cytochrome P-450 that catalyzes the hydroxylation of calcidiol to the active form of vitamin D (calcitriol) have been found throughout the central nervous system [39] .
The finding of the considerably high prevalence of vitamin D deficiency (40 %) and insufficiency (39 %) in Iranian students is in line with the work of other groups in Iran demonstrating 78 % vitamin D deficiency (serum 25(OH)D < 20 ng/mL) in children and adolescents aged 8-18 years from Tehran [40] , and 91.7 % in similar population during autumn and winter [41] . The results necessitate interventions for vitamin D supplementation or vitamin D fortifications in Iran.
The main limitation of this study is its cross-sectional design which does not demonstrate the causality of association between psychiatric distress and vitamin D deficiency. A reverse causation could be even assumed; meaning that psychiatric distress resulted in less outdoor activity and hence reduced vitamin 25(OH)D concentrations. However, outdoor physical activity and sedentary behaviors such as watching TV, working with computer, and sleeping duration were similar in vitamin D deficient and vitamin D sufficient children. Strengths of our study include its novelty in the pediatric age group, the large sample size and generalizability.
At present time, it is premature to conclude that vitamin D deficiency is related to occurrence of psychiatric distress in children. Until results of prospective studies confirm the causality, it is hard to recommend vitamin D supplementation in adolescents with mental problems. However, as low levels of 25(OH) D have been 
